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Short-Period Seismic Wave Radiation Zone and Magnitude of Inland Earthquakes Occurring in Northern Miyagi Prefecture,
Northeast Japan since 1900 Inferred from Seismic Intensity Data

Katsuhisa KANDA and Masayuki TAKEMURA

Kobori Research Complex Inc.,
6-5-30, Akasaka, Minato-ku, Tokyo, 107-8502 Japan

The inland earthquakes in 1962, 1900 and 2003 in the northern part of Miyagi Prefecture were studied to clarify
those earthquake source location and magnitudes related to short-period seismic waves. We carried out seismic
intensity inversion analysis of the 1962 and 2003 earthquakes using fault models adopted from existing research
results based on epicenter distribution of aftershocks and waveform inversion, and obtained their short-period
seismic wave radiation zones. Since there was no source information regarding the 1900 earthquake, we carried
out grid search analysis and obtained an optimal fault model which was located southwardly away from Kogota
where the seismic intensity was the largest. However, we found the results might be adversely affected by a
spatially biased seismic intensity distribution where the large intensity area was located in the northern part of
Miyagi and there were no data in Iwate Prefecture. We therefore reexamined the 1900 earthquake using the data at
only higher latitude than 38.25 degree to eliminate spatial bias of intensity distribution. In addition, we used only
the seismic intensity data more than five lower in JMA scale, because there is no guarantee that all the data of
intensity four and less are included in the data and low intensity without damage is evaluated less reliably than
higher intensities with damage. We analyzed the both additional cases and obtained the result of the optimal fault
plane locating in the northeast of Kogota. This area is located between the fault planes of the 2003 and 1962
earthquakes, and corresponds to the low-velocity area in the lower crust beneath the strain concentration zones in the
northern Miyagi region. We also confirmed that the three shallow inland earthquakes in the northern Miyagi
Prefecture occurred in different areas filling in the entire the strain concentration zones, which Takemura(2005a)
pointed out. Their magnitude were similar and around M6.4.

Keywords: Seismic Intensity Inversion, Inland Earthquake, Magnitude, Fault model, Northern Miyagi Prefecture.
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Fig. 1 Map showing damage area during the Northern Miyagi
earthquakes. Broken lines show borders of county in 1900.
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Fig. 2 Flowchart of Analysis.
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Table 1 Hypocentral parameters of the Northern Miyagi
earthquakes considered in this study.

Date . Long. Lat. Depth
(Yt/Mo/Dy) | 11™€ (degrge) (degree) | M/ (kI]il)l)
1900/5/12 2:23 | 141.1 38.7 7.0
1962/4/30 11:26 | 141.134 | 38.734 | 6.5 19
2003/7/26 7:13 | 141.171 | 38.405 | 6.4 12
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Fig. 3 Seismic intensity distribution of the 1900 event.
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Fig. 4 Seismic intensity distribution of the 1962 event.
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Fig. 5 Seismic intensity distribution of the 2003 event.
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Fig. 6 Seismic measured intensity distribution of the 2003
event [JMA(2009)].
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Fig. 7 Epicenter map of the 2003 event and its aftershocks for
estimation of attenuation relationship and site correction factor.
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Table 2 Earthquake parameters of events showing Fig.6.
Depth Obs.

No | Year | Date | Time Long. Lat. M, (km) stations
1 | 2003 726 0:13| 141.1642 | 38.4345| 5.6 | 11.55 469
2 | 2003 726 7:13| 141.1710 | 38.4050 | 6.4 | 11.87 733
3 | 2003 726 7:16| 141.1890 | 38.4175 | 4.0 | 12.36 82
4 | 2003 726 7:19| 141.1723 | 38.4468 | 4.2 | 14.82 38
5 | 2003 726 7:51| 141.1937 | 38.4650 | 4.0 | 14.05 62
6 | 2003 726 8:09| 141.2138 | 38.3905 | 4.0 | 13.25 41
7 | 2003 726 | 10:22| 141.1647 | 38.4565 | 5.1 | 13.01 225
8 | 2003 726 | 10:25| 141.1678 | 38.4508 | 4.0 | 12.20 51
9 | 2003 726 | 14:53| 141.1678 | 38.4628 | 4.0 | 12.66 32

10 | 2003 726 | 16:56| 141.1895
11 | 2003 727 | 13:20| 141.2162
12 | 2003 728 4:08 | 141.1497
13 | 2003 808 9:51| 141.2265
14 | 2003 812 9:27( 141.1775
15 | 2003 827 2:12| 141.1337
16 | 2003 | 1023 | 14:00| 141.1883

38.5003 | 5.5 | 12.04 349
38.4790 | 4.2 | 11.01 61
38.4583 | 5.1 | 13.69 218
38.5197 | 4.6 | 10.83 94
38.4978 | 4.3 | 12.07 88
38.4835 | 4.0 | 14.11 50
38.4670 | 44 | 12.23 87

3.2 [ERL-EEBERE=E

RO W, OHIEE OIS 100km
EHZDERERSC Lg ORBREZLNDDT,
7% 2 TRULIZHEOEIREEAE 100km DINOEE T
—HEHN TR EEIRLTRD D, KO F 1, 14
M - fth(2003) & [AARIZ, ETHIERT LT logh OfEXZ
Kb, FONHERHATDH. KIC My (BT AHEE
IR &R D, BRI IR N L C@) x5
7-.

I = -2.92logX +1.24 M;+0.91 (4)

- 66 -



ZIT, BIREREE X XEE A N—Tar e E O
EATHOEF AL Q) b B E S D 2 i 52 IR B &
W5 BTERBIOARBEOERE LB OBGRE
NENK 8 BIOK 9 1ZRT. FETRLIZ@)RIZ
KL TG DEA 1.2 O EY R 3
BYTHLIEN DD, 7B, BRI 20km LI
O T Hi T BE B O Sk U O R E O OB
ROENDN, NG IORBITIHESE, 3.3 TRT
MR EE CHETHIIEETA.

6 g ———1=-2.92l0g(X)+1.24M+0.91
%™ — =112
5© ~ — —112
o EE

10 100 1000

[ 8 7= D FRRER G — 2003 @ﬁﬁ*(i‘% 2 ? No.1)
Fig. 8 Distance attenuation relationship of seismic intensity
—foreshock of the 2003 event.

—1=-2.92log(X)+1.24M+0.91

%10 100 1000
FRIFFERE (km)

9 MO BN — 2003 4EAE (£ 2 O No.2)
Fig. 9 Distance attenuation relationship of seismic intensity
—main shock of the 2003 event.

K&
8 Q
IN
a
T4 o il —
) — MR EAE T
2
040 4‘ ‘0 | 6‘0 6
X 5 5. 5.5 . .5
M

10 ~7=F 2 —FLHffECHIELZEE OB
Fig. 10 Relationship between JMA magnitude and average
intensity level without distance attenuation effect.

My \ZBETAEE LY R O A AR T2l
BIllz~r =F 2—K8 My& [+2.92logX O ) EE
7ayhLizb 0% X 10 1233, iaft Blic 7 ay ks
, @)= iﬂ“éﬂﬁ IZEDIEH D XTI/ NS, T
W HE ﬁﬂ:%@, VT =Fa—REE
Eé%%%@%%c:%é:mibb%. @HREER IR
L7-HEBICE A L CHRER W EE 2 b5,

3.3 FEXTEE

FEF R ALY, FEBRICBLINS D5 R L R =
MORHMBESNDEE DAL CTERL, T OB
DENRTIEERT. HXPEEITIREIWIFEERE NS
TN EERL, @)U XD BB 2 PR\ T s i
fxﬁﬂ&i‘@:i&ﬁ%ﬁ%@ﬁﬂﬁﬁxai:hé BIEEE D
SIS BE AR &I Lo T, BRI Z 24 HH
O THIENTED. FAXE X FHAEE OB
RTLITRDENDD, T LSO H IR
ML TRDD. 22T, BT SIEMEL-
RTTHRBHAROEMEIC L > TRESBARDLZEND
HOT, M OKEZ @O D=0, FIORT T
[ SN i3] 155 e e N e

BRGEREE v EERE T oBMRAIE, )= R3E
BoeaE R, FR50b 132 itk DI/ D2 LD RS
AVTOD R (1996), 2211+l (1999) 72X ],

I=blog(V)+c (O]

L7=iio T, i RIS DI KR Vv, LB I OBt

R (6B
1, =2log(V;)+c (6)

FRXSRREE DS 0 L7020 R 70 AR S IR =R D i D #x
KHE Vo EIRIE Iy 2 ABET DL,

]0:‘ = 210g(V0i)+ c (7
FARFERE Lo 1L, (6)RE(DNRBE)XTHED.

‘[rel = ‘[i _‘[Oi = ZIOg[LJ (8)
Voi

Vi=600m/s FH 1 O ff BT itk 2 Sz & LU 7= 38 Al 1
8 2R %, (RIERRIE DR BOIREE £, £ 8 ik
M AGFE AR BE 0D BE B A [ N R UE L 72 D d O 1
OXTRIEE V237

Vi=a,pV, 9)
SHITHXEEN 0 LA HIBEO K R EZLLT D
REAETS.

Voi = PoiVs (10)

-67 -



®)Hiz(9)AL(10)AAMAL T, MHXEEIZLL T D
A&d.

I, =2 1og(“f—ﬂfJ (an

Doi
ZIZT, AR EERL T, LS AR EEE o
3 7 JE R IR 45 2 R AR 5 A Tl <

B 1%

Poi G

(12)20Z, /8 HAR IR Z bR\ - I BB RE R I 0%
WD HERLTWDDTRFTIIZREB R DianLE
265, ZnEM T EOEE GMT @ Gridding T
{#:[Smith and Wessel(1990)]% A\ C - E AL AfEIL
T3IWAYY 2 (R 1km WU F7) 7 —2 &35, Zivk(11)
KUTRAL THBE DAY Y 2T — 25 RKD D,

EEBNSOMSIERE L, £ 2 ORLIEHEDE
W3Rk, &2 TOMBETEHLCRHET 5. X 11 1245%
S RART . Gridding FiEAZHWT, Zha i
P EART5 L 12 1R TIN50, ZhT
VRIS 72 & oD R BEBLI A S D 7 s T ER 22
MRELIRDOT, FIR O FiEEANTSEETD. £
7T, D V=600m/s +H4 O E Mg Az e L7
B AR =R o, 2 X 13 (oR3. 3% MR i =R
a; V&, B -1 (2005) D FiEB LT —Z % W T
KN DR E AR O Y S E A2 LR
TET 5. MWl E) 7 d8 o0 2y 0 B i = A
i CHL, MBHIESR AR E N LN DN D, Kfk
HINCAF DAV AR R EE A2 X 14 1T, 12 &
HA_THNDE00T, MREEIIREMIEIZLS
HiE R SR O HE e LB ST,

(12)

FHXH L
% 0.6~1.6
00.0~0.6
H-0.6~0.0
A -1.9~-0.6

142°

11 FREEBH RO R AL

Fig. 11 Site correction factor at observation stations.

&

—_

N=—mooSoSo-
SoaNxRrSRXNS

141° 142°

12 BRI oo TSI ARRI R i —
Fig. 12 Contour map of site correction factor obtained from
two-dimensional interpolation technique.

Q
HAE R %
3

N
°

SEEENNDN
ivine =kl

3801

141° 142°
13 Vs600m/s AH 4 % Hofig & U7 s g g ==
[ A (2005) 12 Fe SV THLE]
Fig. 13 Distribution map of soil amplification factor from base
layer of 600m/s in shear velocity.

39°

142°

14 HAEIEIE R LA L7 R B BE oy A1
Fig. 14 Distribution map of site correction factor corrected with
soil amplification factors.

- 68 -



§4. BEICIIEBFRHEE
4.1 200347 H 26 HDOHE

4.1.1 fENTSRAME
2003 SEOHIEIZ OV, FITOBLHIT —ZIZ
FESNWEHTEBIORBEDODAARCAN = A LD

[Unimo et al.(2003), Okada et al.(2003)], =JH1 > /N
—a iz DWW TIE, Gy # k& H W 72 B i
[Hikima and Koketsu(2004)72 &£ 1> GPS, I 1<
InSAR 7 —#% 72 #f &t Nishimura et al.(2003)]
WNHESI, BIREE I OWTHLMIZES TV,
ZZTIE, 1900 B IO 1962 FEOHEOWIEET
JROHN R BB D FLAEL T2 & LG ITHEAT D 2 2 D
FREEDNLE ST ELT2003 FEOHBOEE AL 73—
Tal RN O TR AR T
BE T DWTE I DWW T, g (b= 1 HEi
ikzsb Hikima and Koketsu(zoo4)0>$ 2T A e
(2 4km PEARL72 X 15 (WK SR CoR 9 O W g i
LT ﬂi/i“w:l‘.*;ﬁ%/f?%%&%% 3 TRT. /N
J&1%, ¥ X7 Hikima and Koketsu(2004)2[7 U 2km
ALL, 8x5 D40 Ay 275, X5 KO 6 2R L

7o 2 MHOBRET —2a2HWT, @O a1T
9.
ML 4L L
|
A A W 1

10 km

B4 15 K& W& i (Hikima and Koketsu(2004) D
2003 FEARFE DT DA (INEE)

Fig. 15 Fault model of main shock of the 2003 event.
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Table 3 Fault model parameters for the 2003 event
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Fig. 16 Map showing energy distribution from seismic intensity
inversion of the 2003 event.
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Fig. 18 Distribution map showing seismic intensity including
JMA data outside of Miyagi prefecture of the 1962 event.
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Fig. 19 Distance attenuation relationship of seismic intensity of
the 1962 event. The solid line shows equation (4) of M=6.5.
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of the 1900 event using all intensity data.
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